Tremendous variation exists in how cities, states, countries, and other jurisdictional areas classify water use and consumption. Additionally, water conservation measures have become more common in the past few decades, but little is known about how these conservation measures are implemented across the landscape. The goal of this study is to increase the breadth of knowledge regarding municipal water-use data: retention, storage, availability, and delving into water conservation measures, along with the impact of shale oil extraction on municipal water use in the Bakken region. Two questionnaires were developed and administered to all municipalities in the state of North Dakota, USA with populations greater than 1000 residents, and between 500 and 1000 residents in the Bakken region (total number (n) =59) willing to participate. Results indicate water conservation measures are inconsistent across the landscape, and data categorization at the municipal level is minimal which limits the analysis, interpretations, and projections that can be made from the data. Additionally, the Bakken region is different from the rest of the state in how they acquire water and sell water to other large scale users. Results from this study will aid water use professionals worldwide by providing valuable information on water-use data, access, storage, and impacts of large water users, such as shale oil extraction, on municipal water. This information will also help researchers to understand availability of data for making comparisons across different areas, assessing trends, and making water use projections.
Introduction
Municipal water has garnered increased attention in recent years as professionals try to ensure adequate water supplies for increasing urban populations (Wong et al. 2010) . Currently, most municipal water studies focus on trends in water use (Wong et al. 2010 ) and forecasting water demand (Zhou et al. 2000; Qi and Chang 2011) . Water conservation measures and their effectiveness have also been a focus of studies in arid regions (Loaiciga and Renehan 1997; Fielding et al. 2013; Mini et al. 2015) . Regardless of the specific focus, all of these studies required water use data, with the availability of the data influencing the scope of projects and applicability of results. However, few if any studies have explored water use data availability from municipalities or individual water supply networks, which are the primary holders of disaggregated water use data.
Tremendous variation exists in how water use information is measured, classified, and accessible to outside entities. Classification of water use is highly variable, and different names can be used to designate a given water use. The state of North Dakota, where this study took place, has six water use categories that encompass domestic, municipal, livestock, irrigation, industrial, and fish, wildlife, and other outdoor recreational uses (NDCC 2018) . Similar to North Dakota, most states in the USA have different water use categories, with few common consistencies. Nationally, the USGS examines eight separate categories when studying water use and withdrawal throughout the USA including public supply, domestic, irrigation, livestock, aquaculture, industrial, mining, and thermoelectric power (Maupin et al. 2014) . Globally, there are even more inconsistencies between water use categories. A report assessing water resources in England and Wales examined eight different water uses (Environment Agency 2008). One of the categories, fish farming, cress growing and amenity ponds, is a water use category that is not found in North America. Thus, comparing state and national water use can be challenging due to different classifications, and comparing across countries is even more problematic as different countries have different systems developed over hundreds of years. Explicitly defining water use categories across studies is important to make results transferable.
Few, if any, studies have looked specifically at how water-use data are recorded and stored. Generally, studies analyzing data for trends or modeling purposes provide the source of their data in the methods House-Peters et al. 2010 ), but do not provide any specific information about obtaining the data. Although this information is not always critical to the outcome of the study, obtaining and utilizing water use data for comparison or replication purposes can be difficult. Depending on how long recorded data are stored, developing comparable per capita coefficients for a state, region, nation, or across countries is difficult if not impossible. Thus, because there is a disparity in the breadth of available water use data due to differences in recording, collection, and data reliability (Gleick 2003) , expanding on this knowledge will help future water use work.
Water use in terms of water conservation measures has gained attention in recent decades. These measures encompass many different actions that all contribute to reducing water use (Gleick 2003; Hauber-Davidson and Idris 2006) . In general, studies on water conservation take place in arid environments or areas experiencing drought (Kenney et al. 2004; Mini et al. 2015) . These studies are important for understanding water shortages; however, more knowledge is needed on how water conservation measures are applied in areas with adequate precipitation across the landscape, and in municipalities of different sizes.
The goal of this study was to determine how water-use data is collected, categorized and stored within municipalities, and how water conservation measures are utilized across the state of North Dakota comparing the Bakken oil region with the rest of the state. Few studies have looked at water use in the Bakken, outside of the water used directly for hydraulic fracturing. Studies looking beyond hydraulic fracturing water use, have focused on yearly data reported to the state in the six categories required by NDCC (Lin et al. 2018) , not individual municipalities that obtain and report the data. This is the first study of its kind to assess water use in the Bakken region at the municipal level, and also the first study to address the issues of data storage, availability, and categorization across various sized municipalities on a large geographic scale. Knowledge on water use data collection, availability, and length of time stored is important to water managers and researchers, as the municipal level of data collection has the most robust dataset for water use analysis and projections.
Methods

Study Area
The state of North Dakota was the study area for the project (Fig. 1) . North Dakota has a relatively low population for its land size, with 760,077 residents as of 2018 (United States Census Bureau (USCB) 2019). The largest cities in the state are Fargo (124,824 residents) with a combined metropolitan population of 229,000, Bismarck (73,112), and Grand Forks (56,948) (USCB 2019). North Dakota is located at the geographical center of North America, and is 547 km east to west and 340 km north to south. Large seasonal fluctuations in temperature and precipitation are common throughout the state, varying not only seasonally, but also geographically. The average January temperature ranges from −18°C in the northeast to −9°C in the southwest (NOAA 2018). July is the warmest month with average temperatures ranging from 18°C in the northeast to 22°C in the southwest. Average annual precipitation ranges from 356 mm in the northwestern part of the state to 559 mm in the southeast. The majority of precipitation falls during the growing season (NOAA 2018).
The Bakken region is one of the major oil producing areas in the USA, with the majority of the Bakken located in North Dakota. Between 2004 and 2014, oil production in North Dakota increased dramatically, mostly due to increased oil production in the Bakken (Lin et al. 2018) . In 2012, North Dakota became the second largest oil producing state, behind only Texas (Lin al. 2018) . Crude oil in North Dakota is found in shale rock formations, which requires the use of hydraulic fracturing (aka 'fracking') to extract the oil. Hydraulic fracturing traditionally requires large amounts of water to release the oil from the shale rock formation (Carter et al. 2016) , with the amount of water used for fracking in the state increasing five-fold during the oil boom (Horner et al. 2016) . During this time, there was also a large influx in population to many western municipalities. The Bakken region coincides with the driest part of North Dakota, which is why this study examined additional water use in the area. For the purposes of this project, the Bakken region and its margin were delineated using the GIS layer of active well pads (Wells.zip) obtained from the North Dakota Oil and Gas Division website, summaries of the top oil producing counties in North Dakota (NDIC 2010; NDIC 2011; NDIC 2012; NDIC 2013) , and researchers' knowledge of the area. Areas west of U.S. Highway 83 and north of Interstate 94 are considered part the Bakken and its margin (here after referred to as the 'Bakken') ( Fig. 1 ).
Bakken Region
Surveying Municipalities
All municipalities with population sizes greater than 1000 residents (n = 53) were asked to participate. Additionally, all municipalities with populations between 500 and 1000 residents in the Bakken (n = 6) were contacted, for a total sample size of 59 municipalities. Municipalities were broken down into three categories based on population size. Small municipalities were those with populations between 1000 and 5000 residents, and municipalities with populations between 500 and 1000 in the Bakken region. Medium sized municipalities had populations between 5000 and 10,000 residents, and large municipalities had populations over 10,000. These distinctions were chosen based on population sizes and number of municipalities of these sizes within the state.
Two questionnaires were developed to quantitatively analyze municipality water use information, with municipalities afforded the option to participate in the first, second, or both parts. Two focus groups were utilized to gauge whether questions would provide adequate insight into water-use data and to ensure questions were easily understandable. Initially, professionals from the region were consulted to determine the type of information desired and to ensure clarity of questions. After questions were refined, water use professionals across the USA were consulted to review questions, add questions as necessary, and ensure the information collected would help expand knowledge at a broader level.
Part one of the questionnaire consisted of nine questions, with some questions containing sub-questions based on responses (Online Resource 1). The focus of these questions was to determine who is in charge of water-use data in individual municipalities, how this information is recorded and stored, and if this information is public and could be shared with researchers.
To researchers knowledge, all information requested is considered public information based on United States and North Dakota laws, but wanted to determine how municipalities viewed public data. This question was included based on advice of water use professionals both in the state and nationally that said that many areas, even though information may be public, it is not viewed or shared as such. All municipalities contacted were initially contacted via phone (n = 59). Three municipalities did not wish to answer questions over the phone; therefore, questionnaires were emailed to these municipalities. All 59 municipalities participated in the first part of the questionnaire. Part two of the questionnaire consisted of seven main questions, with all questions containing sub-questions depending on responses (Online Resource 2). This second set of questions focused on water source for each municipality and if municipalities try to conserve or reduce water through seasonal water rates, conservation measures, or water restrictions. Part two of the questionnaire was administered both over email and via phone interviews. Overall, 51 of the 59 municipalities participated in the second part of the questionnaire.
Once answers from all questionnaires were completed by municipalities, information was digitized into Microsoft Excel and data were coded. One-hundred percent of municipalities contacted (n = 59) answered the first questionnaire. Additionally, 86% (n = 51) of municipalities answered the second questionnaire, with large, medium, and small municipalities responding 89%, 100%, and 85% of the time respectively. Due to the nature of the study, basic statistics were used to compare answers. Percentages were determined by dividing the number of similar responses by the total number of responses. When large and medium municipalities were analyzed separately from small municipalities, the number of responses by large and medium municipalities was divided by the total number of responses of that answer, unless otherwise noted. For the purposes of this study, small municipalities are those with populations between 500 and 5000 residents (n = 46), medium municipalities 5000-10,000 residents (n = 4), and large municipalities 10,000 or more residents (n = 9).
Results and Discussion
Data Collection
Water-use data are collected by a variety of methods with few or no standards (Gleick 2003) . This was evident to researchers in this project as well, as the collection of municipal water-use data existed on a continuum from self-reported usage (n = 4 cities, 7%) to city reads (n = 46, 78%) to a combination of city reads and automatic reads (n = 2, 3%) to completely automated readings (n = 7, 12%). It is interesting to note that as of 2017, 7% of all municipalities still utilize self-reported data. Of the municipalities that use automatic meters, 71% of these are found in municipalities with more than 5000 residents. Municipality size plays a role in how water use data are collected, with smaller municipalities more likely to have self-reported data, and larger municipalities more likely to have automated meters. Use of automatic meters typically requires a high initial investment, with larger municipalities often having a greater ability to secure funds for these meters. A cost-analysis comparing different water meter methods in Tampa Bay, Florida, found that automatic meters based on fixed networks were more expensive than meters read via radio-reads, but they offered long-term savings on operational costs (McKenzie and Houston 2011). Automatic meters eliminate the need for city staff to read meters, either manually or via radio reads, allowing staff to focus on other tasks. Smaller municipalities may not have the funds to invest in automatic meters and collection of meter readings may not monopolize city employee's time when the municipality only has a fraction of water meters to read when compared to larger municipalities. As part of a larger study water use data from 24 municipalities in North Dakota was collected, 18 of those municipalities were small cities that had accounts/m reads ranging from 24 to 1321 with an average of 609 accounts. Medium cities (n = 3) ranged between 1650 and 2403 accounts with an average of 2140, and large cities (n = 3) ranged from 5180 to 21,398 accounts with an average of 13,877. In terms of researchers obtaining data, the more automated the system the easier it is for the municipality to obtain data, digitize, and share. However, larger cities are the ones more likely to have automatic meters, but they are also more likely to have larger numbers of accounts and it may take more work to extract account information for sharing with outside parties.
All municipalities with self-reported water-use data had under 5000 residents. Although only a small fraction of municipalities rely on self-reported data, the validity of this information is unknown. Fifty percent of municipalities with self-reported data only verify readings if there are discrepancies or non-normal usages, and another 25% use absolutely no verification. While the authors are unaware of research specifically focused on the validity and reliability of self-reported water-use data, a study focused on water use in the energy sector found that selfreported information does not always include all desired information (Averyt et al. 2013 ). Additionally, a study from the health field indicates that the reliability of self-reported data varies depending on the situation (Shipton et al. 2009 ). Specifically, the environment and context of questions posed when collecting self-reported data influences how people answer (Shipton et al. 2009 ). Thus, it is plausible that people report inaccurate water meter readings to save money on their water bills. Although no water-use data are perfect (Wong 1972) , selfreported data garners increased speculation regarding accuracy and reliability.
Data Categorization
The vast majority of municipal water studies have focused on water use in the residential sector, as this sector often consumes the most water in urban environments (Kim and McCuen 1979; Grimmond and Oke 1986; Kostas and Chrysostomos 2006; Balling Jr and Gober 2007; Polebitski and Palmer 2010) . However, determining if municipalities categorize their water accounts further is an important question, as this dictates the type of information that would be easily available to outside entities without large amounts of extra time put into categorization. Over 80 % (83%) of municipalities utilize categories for their data, with 100% of medium and large municipalities classifying accounts into categories. This leaves 17% of cities that simply put all accounts in one category, municipal. For the 83% that utilize categorization, it was most common to split accounts into two categories: residential and commercial, with 61% of municipalities only using these two categories. The additional 39% of municipalities utilize a three category system such as residential, commercial, and irrigation; while most cities use residential and commercial as categories the third category was not consistent across municipalities. Few municipalities (6%) use more than three water use categories, and most of these are large municipalities. While it is not necessary to categorize water use data beyond "municipal" to meet NDCC or USGS categories for water use, without further categorization it makes it nearly impossible for outside groups to determine who is using the water beyond the commercial and residential categories. Further categorization would take an extensive amount of time looking at individual account information often with assistance from the municipality. Additionally, this greatly limits the type of per capita coefficients that can be determined such as the amount of water being used per carwash, or water needed per apartment in apartment buildings. This information is fundamentally important in making comparisons to other areas, projections of water needs during times of water stress, and projecting future growth.
Data Records Storage
As expected, the majority of water use data are stored electronically. Notably, 3% (n = 2) of municipalities still store their data on paper. Both municipalities with only paper records were small municipalities. The length of time the electronic format has been utilized is an important factor when trying to study long term trends in water use. Most municipalities have been utilizing electronic format for over five years, but this raises the question of how long data is kept. This is important for researchers and water professionals analyzing the data, as they can only analyze over the time frame data are kept. Over two thirds (73%) of municipalities have water account records on file for over five years, but the majority of municipalities only keep records for 15 years or less, meaning that analysis of water use data over fifteen years is not possible and/or feasible (Table 1) . Interestingly, 14% of municipalities indicated they keep records as long as NDCC requires. Although this appears to be a logical answer, NDCC does not dictate how long water use records need to be kept. Therefore, data is simply kept for however long that group thinks the law is telling them to keep it. Additionally, while a municipality may have water use records for over fifteen years, some of that data may be paper records, making it less useful for analysis purposes and more time consuming to obtain. Likewise, multiple municipalities noted that while they have multiple years' worth of records, some of the data is inaccessible. A common reason was the municipality updated or changed software and the old data are on an old computer, the software is no longer accessible, or the software only allows access of records for one year.
Municipality size did not influence number of years' of past water-use records or length of time records are stored electronically. However, the storage location of the data was influenced by municipality size. Seventy-five percent of municipalities (n = 44) use one of two utility billing software to store their water-use data. Twelve other software packages were used to store data for the remaining municipalities. Eighty-eight percent of municipalities using one of the two common software programs were small, while over half (62%) of the uncommon software packages were used by medium and large municipalities. The differences in software choice are likely due to ease of use and functions within the software. Larger municipalities have more accounts and also staff that works regularly, if not full time with the software, and some municipalities even have software designed specifically for water use in their city. The method of data collection (self-reported, city collected, automatic meters) may also influence software choice, as 78% of all municipalities that have automatic meters used one of the uncommon software programs.
Although certain aspects of municipal water-use data are influenced by municipality size, other facets are not, such as how often water meters are read. Ninety-eight percent of municipalities collect and record water use data monthly. The other 2% (n = 1) collect water readings quarterly. Many studies in the past have utilized monthly or bi-monthly water consumption data (Morales et al. 2009; House-Peters et al. 2010; Polebitski and Palmer 2010; Mini et al. 2014) , indicating that water meter readings are collected similarly in many areas. As previously mentioned, the questionnaires were administered as part of a larger project examining the influence of municipality size on water use. As such, municipalities were asked if they would be willing to share one or two years' worth of monthly water-use (billing) data with researchers. To the authors' knowledge, the information requested was all public information, although 3% of municipalities said it was not public information. Ninety-seven percent of municipalities stated the data was public, yet only 42% of all municipalities contacted shared data with researchers. Kenny and Juracek (2012) noted that obtaining data from municipalities without a state reporting program was more difficult than when the state collected the information. This makes our success rate (42%) impressive, as North Dakota does not have a state reporting program for the type of water-use data researchers were seeking; they only require a yearly amount of water used per municipal permit. Municipalities that did not share water-use data, but indicated it was public, provided a variety of reasons for not sharing data. The top two reasons included the municipality was too busy and did not have time to help (26%) and the municipality could not create a report with the data researchers requested (26%). Interestingly enough, 78% of municipalities that indicated they could not create a report, likely could have, as other municipalities that utilized the same software created reports that suited the needs of the study.
Buying and Selling Water
Due to the location, quantity available, and quality of water throughout the state, many municipalities buy the water they sell to their municipal customers. Over half (53%) of municipalities with populations over 500 residents buy some or all of the water they sell to their municipal customers, with the majority (93%) of municipalities buying water from rural water districts or rural water projects. Small municipalities are more likely to purchase water than medium or large municipalities, with 59% of small municipalities purchasing some or all of their water, while only 31% of large and medium municipalities purchase water. Location of municipalities also appears to play a role in purchasing water. Municipalities located in the Bakken region are more likely to purchase water than municipalities located outside this region, with 71% of municipalities located in the Bakken purchasing water, while only 37% of municipalities outside this region buy water. A major reason for this is due to the accessibility of quality potable water. In many areas of the state, especially the western side, aquifer accessibility and water quality are a problem. Many water sources have relatively high levels of certain elements, such as arsenic and uranium (Roberts 1992; NDDoH 2006; NDDoH 2015; EWG 2018) . Additionally, shale oil extraction often occurs in areas where water supply and quality are limited, which leaves those areas relying on large water supply projects. Thus, water supply projects were developed, and are continually expanding, to provide adequate supplies of quality water to residents in the Bakken.
Conversely to buying, over half (55%) of municipalities sell water to more than just their municipal customers. Approximately half of municipalities that buy or sell water do both, while only 22% of municipalities neither buy nor sell water. Fifty-four percent of municipalities that sell water, sell bulk water. Bulk water includes water sold to industry (including the oil industry), for agricultural purposes, construction, or other miscellaneous uses. Small municipalities were far more likely to have a water depot and sell bulk water than medium or large municipalities. Over half (60%) of municipalities selling bulk water were located in the Bakken region. Bulk water sales in the Bakken can be explained by two factors: 1) less precipitation in this part of the state (NOAA 2018); and 2) this is where bulk water sales for mining, oil, and gas take place in the state. Thus, bulk water is in higher demand in the western part of the state, as water sources are less reliable and energy development that takes place in the state requires large quantities of water.
In order to manage water resources, knowledge of the water source is needed. Water permits in North Dakota are issued by the North Dakota State Water Commission (NDSWC) when over 15,419 m 3 of water is withdrawn per year (NDCC § 61-04). Thus, all municipalities that withdraw their own surface or ground water should have a permit issued by the state. Groundwater is the most common source of municipal water, with 59% of municipalities obtaining at least part of their water from underground aquifers (Table 2) . However, looking across the state of North Dakota total municipal water use by volume is 71% surface water and 29% groundwater (NDSWC 2019) . Nationally, in the United States 61% of water is from surface water, while 38% is from groundwater (Dieter and Maupin 2017) . In North Dakota, the volume of water use follows national trends, but the majority of municipal source water is from groundwater irrespective of water use by volume. Furthermore, because many municipalities purchase their water from another entity (city, rural water district, rural water project) at least 25% do not withdraw water at all.
Water Conservation Measures
Since water is one of the most important natural resources on earth and exhibits characteristics of both renewable and non-renewable resources, the topic of water conservation has been a focus recently (Arbués et al. 2003; Bradley 2004; Gleick and Palaniappan 2010) . Water conservation can mean many things, but in its most basic form, it simply refers to reducing water use (Gleick 2003; Hauber-Davidson and Idris 2006) . For the purposes of this study, water conservation measures were defined as long-term measures that prevent the excessive or wasteful use of water. In general, locations where water is scarce are more likely to use and adapt water conserving practices and technologies than water rich locations (Gleick 2003) . In North Dakota, only 14% (n = 7) of municipalities have water conservation measures and implementation of these measures was not influenced by municipality location across the state.
Many studies examining water conservation measures or potential ways to reduce water consumption have taken place in large municipalities (Loaiciga and Renehan 1997; Polebitski and Palmer 2010; Mini et al. 2014; Mini et al. 2015) . Larger municipalities generally feel greater pressure on water resources than smaller municipalities (Fielding et al. 2013 ). Yet, municipality size did not play a role in municipalities adopting water conservation measures in North Dakota, with slightly more small municipalities having water conservation measures than larger municipalities. One important note regarding municipalities in North Dakota is there are not many municipalities with over 5000 residents (n = 13) and even fewer with over a Not Applicable are municipalities who purchase their water and do not withdraw any water from aquifers or surface water 10,000 residents (n = 9). Thus, it is not too surprising that municipality size does not play a role in municipalities adopting water conservation measures in North Dakota. One method identified and often used as an option to reduce water use is increasing the price of water rates (Loaiciga and Renehan 1997) . Only one municipality in North Dakota applies seasonal water rates to customers. Although water rates are usually used as a method to reduce excessive irrigation by increasing the cost of water in the summer time (Lyman 1992; Polebitski and Palmer 2010) , the municipality that applied seasonal rates in North Dakota provided cheaper rates in the summer time than winter time. Rationale for this from the municipality was not to conserve water, but was thought of as making water more economical for residents in the summer when they use more water for irrigation of lawns, gardens, and pools. Therefore, while seasonal rates in this study are very uncommon, when seasonal rates are applied, they do not discourage water use.
Watering restrictions are another common method that attempts to reduce water used for outdoor purposes (Halich and Stephenson 2009) . In North Dakota, over half (59%) of municipalities never have watering restrictions, and only 6% of municipalities have restrictions every year. When municipalities utilize watering restrictions every year, regardless of weather, they are generally focused on outdoor irrigation. Additionally, 35% of municipalities only have watering restrictions when needed, such as droughts. The most common situation for the 35% of municipalities to implement watering restrictions was drought (78%). Although the severity of drought conditions for implementation of restrictions greatly varied, with some municipalities implementing watering restrictions in dry summers and others waiting until a county drought emergency is declared. Other reasons restrictions would be put into place include foreseeing a water shortage (11%) and because restrictions are required by the water supplier (11%). In general, municipality size and location did not impact utilizing watering restrictions. Most watering restrictions focused on limiting outdoor water use (washing cars and watering lawns). Not surprisingly, when municipalities utilize watering restrictions, they are based on the honor system, with no enforcement. Studies done in other areas indicate that while voluntary restrictions can reduce water consumption, mandatory restrictions are more effective (Polebitski and Palmer 2010; Fielding et al. 2013; Mini et al. 2015) .
The use of reclaimed or reused water is another means of reducing the amount of water withdrawn or extracted. Approximately 5% of municipalities (n = 3) in the state use reclaimed or reused water, two for construction or heating via boiler, and one for irrigation. All three are located in the Bakken region, the driest part of the state (NOAA 2018). The use of reused or reclaimed water has the potential to reduce the amount of water withdrawn and increase the supply of water available (Yi et al. 2011) . Thus, it is not surprising that all municipalities who utilize reclaimed or reused water are located in the part of the state where water resources are less abundant.
Conclusions
The purpose of this study is to expand knowledge on available municipal water-use data and gain insight into how buying and selling of water and water conservation measures are applied across the landscape in areas not under water stress. It is assumed by many researchers and water professionals that better data (more categorized, taken monthly, over many years) is available with little effort, and this is not reality in many areas. Accurate data, on a variety of categories, that can be assessed for seasonal trends and over a long period of time (5-10 years+ ) is needed to improve accuracy of water use forecasts and plan for times of water stress. Information from this study can assist researchers and water use professionals in finding and obtaining data, determining use and efficiency of conservation measures, making comparisons to other areas, and analyzing trends in water use.
Important aspects found in the study include:
& Various water conservation measures were used in municipalities, but they were not utilized consistently even in drought prone areas. Such varied and ad hoc measures to conservation will limit any concerted drought response. Therefore, the development of drought response plans and preparedness for municipalities should be considered along with recommending proven conservation tools and methods. & Data categorization of water users beyond residential and commercial was not consistent or attempted across most municipalities. Categorizing the data into only two categories will limit future analyses and prediction ability of the data. For example, based on only these two categories it is impossible to predict future water needs for single family homes, apartments, and different categories of commercial use (manufacturing, hospital, etc.) . In the future, standardized categories and agreements to use categories across municipalities should be considered. & Data collection and storage varied and this was not influenced by municipality size. This lack of standardization will limit the future systematic analysis of water use. Municipalities should be encouraged to develop a baseline way to collect and store water-use data. & The Bakken region differed from the rest of the state in how municipalities acquire their water supply (many used regional water suppliers), and how water is then sold to other large-scale users. The reason for this difference is that this area has water supply and quality issues. Water planners and managers in the future will need to account for this when balancing water supply and use both in this region and other areas of the world where water quality and supply are issues and large water using industries exist.
